Kinetic investigation of unfolding and partial refolding of a crab satellite (dA-dT)n.
Crab (dA-dT)n was isolated from the testes of Cancer borealis by a procedure involving separation of DNA and segregation of the satellite fraction by Hg2+ binding/Cs2SO4 density gradient ultracentrifugation. The titration of crab (dA-dT)n samples at 10 degrees indicated a sharp absorbance change at pH 11.98 in agreement with the pHm value observed for synthetic poly(dA-dT) under identical conditions. The reversal of the titration, however, resulted only in about 50% recovery of the original absorbance (at 260 nm) in marked contrast to the complete reversibility of the synthetic material. pH-jump experiments were carried out for the purpose of characterizing the rates and mechanisms of conformational transitions brought about by changes in the solution environment. It was found that the disintegration of the putative native structure of crab (dA-dT)n starts with a very fast reaction (occurring within the 6-msec deadtime of the instrument and comprising 65% of the total absorbance change) and it is completed via a slower first-order reaction (k = 66 sec minus 1). It is postulated that the first process is due to the rapid untwisting of end regions and, perhaps, some short hairpin-like helical branches present on the macromolecules. The second reaction is believed to be the end-to-end type unwinding of the double-helical backbone of crab (dA-dT)n. In the presence of low concentration (3 mug/ml) of Hg2+ ions the overall rate of disintegration process decreased drastically. pH jumps from pH values above pHm to values below were used to study the rates of absorbance changes corresponding to the refolding of the strands of denatured crab (DA-dT)n. A concentration independent process consisting of two phases was observed. The first phase was a gradual nonexponential process spanning the first second of the reaction, and the other, a very slow first-order process characterized by the rate constant value of 0.053 sec minus 1. It is proposed that the first part of the process (involving about 24% of nucleotide residues) is an intramolecular formation of helical hairpins (frequently interrupted by mismatching bases) and the second part is a manifestation of some association of the extant unpaired bases during the folding of the branched structure. Refolded crab (dA-dT)n samples when subjected again to pH greater than pHm in the stopped-flow apparatus displayed not the disintegration pattern of the native crab (dA-dT)n but rather that of synthetic poly(dA-dT. The marked facility of crab (dA-dT)n macromolecules for rapid conformational transitions induced by slight changes in the solution environment might be relevant to the biological function of this DNA.